CELLULAR SYSTEM AND BASE STATION SPECIFICATION METHOD IN CDMA 
MODE 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a cellular system and a 
base station specification method in cellular communication, 
and in particular, to the cellular system and the base station 
specification method wherein a mobile station specifies 
transmitting base stations from the base stations during soft 
handover in cellular communication. 

Description of the Related Art 

In a cellular system using the Direct Sequence- Code Division 
Multiple Access (DS-CDMA) , a plurality of channels use the same 
frequency band so that radio waves of other channels become 
interference , and an increase in the interference deteriorates 
reception quality of a desired wave, which results in 
disconnection of a link and so on. Accordingly, the number of 
links, that is, a link capacity while maintaining required 
reception quality depends on an amount of the interference. 

In an uplink, a signal transmitted by the mobile station 
located far from a base station has a higher attenuation factor 
of the power than a signal transmitted by the mobile station 
located close to the desired station, and so performing 
transmission by the same power causes a near- far problem wherein 
the interference wave becomes larger than the desired wave. 



resulting in a difficulty in communication. Accordingly, in 
the uplink, a transmit power control, which controls transmit 
powers of the mobile stations so as to render equal received 
powers of the signals from the mobile stations received at the 
base station, is required as an essential technology. 

On the other hand, in a downlink, while such a near-far 
problem does not arise, the transmit power control is performed 
at the base station, to reduce the interference with the other 
channels, to the extent that the transmit power is the minimum 
required for maintaining the reception quality at the mobile 
stations as required quality. The transmit power control is 
a closed- loop type control. In the control, measured reception 
quality is compared to predetermined target quality, so that 
a Transmit Power Control (TPC) signal for giving an instruction 
to reduce the transmit power is transmitted if higher than the 
target quality, and TPC signal for giving an instruction to 
increase the transmit power is transmitted if lower than the 
target quality. 

In addition, the technology called soft handover is usually 
used in the cellular sys temusing the CDMA . This is the technology 
wherein, in the case where the mobile station approaches the 
vicinity of a cell boundary and a difference in propagation loss 
between the signal received from the base station in communication 
and the signal received from an adjacent base station is within 
a predetermined threshold, they are simultaneously connected 
so as to perform the transmission from a plurality of base stations . 
Thus, it is possible to improve the reception quality by a 
diversity effect due to the transmission from the plurality of 
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base stations in the vicinity of the cell boundary where the 
propagation loss is significant and the reception quality is 
apt to deteriorate, and furthermore, it is possible to perform 
smooth handover with no hit because the link is set up, before 
5 disconnecting the link with the base station in communication, 
with the base station that is a next connection candidate. 

In the downlink, however, there is a problem that the 
interference increases and the link capacity decreases during 
the soft handover since the plurality of base stations perform 
10 the transmission. To solve such a problem, Japanese Patent 
Laid-open No. 11-69416 describes the technology for limiting 
the base stations for performing the transmission out of the 
base stations during the soft handover to reduce the interference 
of the downlink. 

15 In this journal, the base stations transmit pilot signals 

at a predetermined power, and the mobile station measures the 
reception quality of the pilot signals transmitted by the base 
stations having the links set up, so that the base stations of 
high reception quality is determined as transmitting base 

2 0 stations and any station other than the transmitting base station 
stops at least some of the transmission. 

Abase station control unit for controlling the base stations 
having the links set up determines base station identifiers of 
the plurality of base stations for having the links set up 

25 respectively when the mobile station starts the soft handover. 
Moreover, the above base station identifiers are base station 
unique information for identifying individual base stations. 
In the base station control unit, code words representing 



combinations of the base station identifiers are defined, and 
the base stations and the mobile station have such information. 

The mobile station transmits the code word representing 
the combination of the base station identifiers of the base 
stations determined as the transmitting base stations to the 
base stations having the links set up. The base station having 
the link set up judges which defined code words the received 
code word is, and judges from a table indicating correspondence 
between the code words and the base station identifiers whether 
the base station identifier of the base station is included. 

Consequently, the base station judges itself to be the 
transmitting base station, in the case where the base station 
identifier of the station is included. Then, the base station 
performs the transmission by the downlink. On the other hand, 
in the case where the base station identifier of the base station 
is not included, the station stops the transmission. Thus, it 
is possible to have the transmission performed only by the base 
stations of little propagation loss, so that the interference 
with the downlink decreases and the link capacity is expected 
to increase. 

However, there are the cases where the base stations having 
the links set up wrongly receive the signals depending on a state 
of a propagation path. In the case where, in the base station 
specified as the transmitting base station, an error arises in 
the received code word and it is not decoded as a correct code 
word in spite of using error correction or the like and it is 
mistakenly determined as a different code word, it is thinkable 
that the base station judges itself to be a non- transmitting 



base station and stops the transmission. In such as case, the 
above described base station stops the transmission throughout 
an update period of the transmitting base station, the reception 
quality of the downlink deteriorates. In particular, in the 
case where only one transmitting base station is specified, when 
the transmitting base station judges wrongly itself to be the 
non- transmitting base station, the reception quality of the 
downlink deteriorates remarkably since all the base stations 
stop the transmission. 

To reduce such wrong reception of the code word in the base 
stations , redundancy should be enhanced by rendering a distance 
between the codes among the code words as large as possible. 
In the case where the number of bits of the code word to be 
transmitted on the uplink is limited, however, the more code 
words to be judgement candidates there are, the smaller the 
distance between the codes becomes. The necessary code words 
increase in proportion to the number of defined base station 
identifiers. While the base stations have information on the 
defined code words corresponding to all the combinations of the 
base station identifiers in advance, all the base station 
identifiers may not neces sarily be used in reality . Accordingly , 
the base stations make a judgement by using all the defined code 
words as subjects of the judgement candidates, even though there 
are the code words with no possibility to be transmitted by the 
mobile station. Consequently, there is a problem of increasing 
wrong judgements. 

In addition, the probability is high that two or three base 
stations have the links set up, and so it is less likely that 



more base stations simultaneously have the links set up. In 
the case of defining the code words corresponding to the 
combinations of the transmitting base stations of such a low 
probability of occurrence , there is also a problem that efficiency 
of using the code words is very poor since the probability of 
wrong judgement becomes higher due to the increased number of 
the code words in spite of a very low frequency of use. 

SUMMARY OF THE INVENTION 
Accordingly, an object of the present invention is to enhance 
precision of the judgement by rendering the number of the code 
words to be judgement candidates at the base stations as small 
as possible and thus improving the efficiency of using the code 
words . 

The present invention implemented to solve the above problem 
is a cellular system in a code division multiple access mode 
comprising: a mobile station for measuring reception quality 
of pilot signals transmitted by a plurality of base stations 
and setting up radio links; a base station control unit for 
assigning code words and base station identifiers that are unique 
information of the base stations and determining sequence 
information on the base station identifiers; and base stations 
for checking the code word transmitted from the mobile station 
having the radio link set up against a table created based on 
correspondence between said assigned code words and said assigned 
base station identifiers and said sequence information and 
determining a transmitting base station, wherein said base 
station control unit has means for notifying said base station. 
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in advance, of said assigned code words and said assigned base 
station identifiers and said sequence information, and said base 
station has means for judging whether or not the base station 
itself is specified as the transmitting base station by creating 
5 in advance code word candidates that may be transmitted by the 
mobile station based on said assigned base station identifiers 
and said sequence information and checking the code word received 
from the mobile station against said code word candidates, 
p In addition, the maximum number of the base stations on 

Q 10 which the mobile station may set up the links is used as said 
~ sequence information. 

jTj Moreover, a set of the base station identifiers that may 

jl be used according to the maximum number of the base stations 

' ■- on which the mobile station may set up the links is used as said 

O 15 sequence information. 

fU In addition, the number of the base stations on which the 

mobile station currently has the links set up is used as said 
sequence information. 

Moreover, a set of the base station identifiers used by 
20 the base stations currently having the links set up is used as 
said sequence information. 

In addition, according to the present invention, a cellular 
system in a code division multiple access mode comprising a mobile 
station for measuring reception quality of pilot signals 
25 transmitted by a plurality of base stations and setting up radio 
links; a base station control unit for assigning code words and 
base station identifiers that are unique information of the base 
stations thereunder and determining a predetermined, base station 



number threshold; and base stations for checking the code word 
transmitted from the mobile station having the radio link set 
up against a table created based on correspondence between said 
assigned code words and said assigned base station identifiers 
and said base station number threshold and determining a 
transmitting base station, said base station control unit has 
means for, in the case where the mobile station sets up links 
with the base stations equal to or exceeding said base station 
number threshold, duplicatively assigning the same base station 
identifier and notifying said base station, in advance, of said 
duplicatively assigned base station identifier, said assigned 
code words and said base station number threshold, and said base 
station has means for. in the case where the mobile station sets 
up links with the base stations equal to or exceeding said base 
station number threshold, judging whether or not the base station 
itself is specified as the transmitting base station by creating 
in advance code word candidates that may be sent by the mobile 
station based on said duplicatively assigned base station 
identifier and said base station number threshold and checking 
the code word received from the mobile station against said code 
word candidates. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a diagram showing a construction of a cellular 

system to which the present invention is applied; 

FIG. 2 is a diagram showing a principle that forms the basis 

of a first embodiment of the present invention; 



FIG. 3 is a block diagram showing a construction of a base 
station control unit according to the first embodiment; 

FIG. 4 is a block diagram showing a construction of a base 
station according to the first embodiment ; 
5 FIG. 5 is a block diagram showing a construction of a base 

station control unit according to a second embodiment of the 
present invention; 

FIG. 6 is a block diagram showing a construction of a base 
station according to the second embodiment; 
10 FIG. 7 is a diagram showing a principle that forms the basis 

of a third embodiment of the present invention; 

FIG. 8 is a block diagram showing a construction of a base 
station control unit according to the third embodiment; 

FIG. 9 is a block diagram showing a construction of a base 
15 station according to the third embodiment; 

FIG. 10 is a block diagram showing a construction of a base 
station control unit according to a fourth embodiment of the 
present invention; 

FIG. 11 is a block diagram showing a construction of a base 
20 station according to the fourth embodiment; 

FIG. 12 is a diagram showing a principle that forms the 
basis of a fifth embodiment of the present invention; 

FIG. 13 is a block diagram showing a construction of a base 
station control unit according to the fifth embodiment; and 
2 5 FIG . 14 is an operation flowchart on a method of determining 

base station identifiers in the case where the link set-up base 
station number has changed in the base station control unit 
according to the fifth embodiment. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The embodiments of the present invention will be described 
hereafter by referring to the drawings. In a cellular system 
using a DS-CDMA mode, a mobile station has a link set up with 
5 in one base station or a plurality of base stations , and measures 
receiving levels of pilot signals sent by the base stations having 
the links set up, and determines one transmitting base station 
or a plurality of transmitting base stations for performing 
transmission according to measuring results thereof so as to 

10 transmit to each base station having the link set up a code word 
indicating a combination of the transmitting base stations . The 
base station having the link set up receives the code word, and 
performs the transmission by a downlink in the case where the 
base station identifier of the base station is included, and 

15 stops at least some of the transmission in the case where the 
base station is not specified as the transmitting base station, 
namely, the base station is a non- transmitting base station. 

FIG. 1 is a diagram showing a construction of the cellular 
system to which the present invention is applied. As shown in 

20 FIG. 1, base stations 111 to 113 are performing the transmission 
to mobile stations 121 and 122 in the range of cells 101 to 103. 
Each base station is connected to a base station control unit 
(BSC) 131. In addition, each base station is transmitting a 
common pilot signal of a predetermined power value covering all 

25 the mobile stations in the cell and an individual signal covering 
each mobile station, and the mobile station is transmitting the 
individual signal to the base station having the link set up. 



These transmit power values are controlled by transmit power 
control of a high-speed closed-loop type. 

The mobile station sets up the links with the base station 
of which receiving level of the common pilot signal transmitted 
by each base station is maximum and the base station of which 
difference in the receiving level from the above described base 
station is within a predetermined threshold. The base station 
control unit assigns the base station identifier to each base 
station when the mobile station sets up links with the plurality 
of base stations, notifies base stations having the links set 
up of the assigned base station identifiers respectively, and 
also notifies the mobile station of all the assigned base station 
identifiers via the base stations. The mobile station 
periodically specifies the transmitting base stations to the 
base stations under a predetermined condition in decreasing order 
of the receiving level of the common pilot signal, and notifies 
each base station having the link set up thereof by transmitting 
on the uplink the predetermined code word indicating the 
combination of the base station identifiers of the specified 
base stations. 

The mobile station 121 located near the center of the cell 
101 has the link set up only with the base station 111 because 
the receiving level of the common pilot signal transmitted by 
the base station 111 is the best and the differences in the 
receiving levels of the common pilot signals transmitted by the 
other base stations are not within the predetermined threshold. 
In addition, the mobile station 122 located near the boundaries 
of the cells 101 , 102 and 103 has the links set up simultaneously 
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with the base stations 111, 112 and 113 because the differences 
in the receiving levels of the common pilot signals transmitted 
by the base stations 111 , 112 and 113 are within the predetermined 
threshold. Therefor, the base station identifiers are assigned 
5 to the base stations 111, 112 and 113 respectively. However, 
as the base station 112 does not meet the predetermined condition 
for determining the transmitting base station , the mobile station 
122 transmits the code word indicating the combination of the 
base station identifiers of the base stations 111 and 113 by 

10 using the individual signals of the uplinks. The base stations 
111, 112 and 113 having the links set up receive the code word 
transmitted by the mobile station 122, and judge the received 
code word on the basis of the code word candidates that may be 
transmitted by the mobile station 122, and then determine the 

15 combination of the base station identifiers associated with the 
received code word in advance. Consequently, the base stations 

111 and 113 judge themselves to be the transmitting base stations , 
that is, the base stations 111 and 113 are specified as the 
transmitting base stations. Therefore, the base stations 111 

20 and 113 transmit the individual signals, and the base station 

112 judges itself to be the non- transmit ting base station so 
as to stop transmitting of the individual signal. 

Thus, in the present invention, a base station or each of 
base stations is specified as the transmitting base station. 
25 This means that a cell in the base station specified as the 
transmitting base station is specified as a transmitting cell . 

Af irst embodiment of the present invention will be described 
hereafter . FIG . 2 is a diagram showing a principle that is the 
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basis of the first embodiment of the present invention. As shown 
in FIG. 2, in the first embodiment, the base station control 
unit notifies the base stations to have the links set up of the 
maximum base station number that is the maximum number of base 
5 stations on which the mobile station may simultaneously set up 
the links. In FIG. 2, the maximum base station number is three, 
and on setting up the links , the base station control unit notifies 
information on the maximum base station number as well as the 
jf base station identifier of each base station. The order of 

D 10 assigning the base station identifiers is determined in advance , 

03 and the base station control unit and the base stations have 

5 

U information on this order . Accordingly , each base station having 

w 

3 the link set up can determine the base station identifiers that 

may be used on notification of the maximum base station number 
P 15 information. In the case of FIG. 2, as the maximum base station 
m number is three, it can be determined that there are three base 

station identifiers a, b and c that may be used, and so the base 
stations can limit the code words that may be transmitted from 
the mobile station only to the code words indicating combinations 
20 of those base station identifiers. Accordingly , from among the 
fifteen code words defined in FIG. 2 , each base station can limit 
judgement candidates (which are the code words that may be 
transmitted from the mobile station) to seven code words (CW1, 
CW2 , CW3 , CW5 , CW6 , CW8 and CW11 ) , consequently reducing an error 
25 rate of the judgement. 

In addition, as the example of the code word transmitted 
by the mobile station in FIG. 2 is the CW1 , only the base station 
of the base station identifier a is transmitting the individual 



signal in this case, and the base station of the base station 
identifier b is stopping transmitting it. Moreover, in order 
for the mobile station in FIG. 2 to have the individual signals 
sent from the two base stations in the figure, the mobile station 
should transmit the CW5 (the base station identifier a and the 
base station identifier b) . 

FIG. 3 is a block diagram showing a construction of the 
base station control unit according to the first embodiment. 
As shown in FIG. 3, the base station control unit is comprised 
of an input terminal 301 for receiving the signals transmitted 
from the base stations, a reception processing division 302, 
a control division 303 for performing various control on 
transmission and reception of the base station, a maximum base 
station number information generating division 304, a base 
station identifier determination division 305 for determining 
the base station identifiers of the base stations to have the 
links set up , a transmission processing division 306 and an output 
terminal 307 for transmitting the signals to each base station. 

The maximum base station number information generating 
division 304 extracts from the control division 303 the 
information on the maximum number of the base stations on which 
the mobile station may set up the links, generates the signal 
to be notified to the base stations, and when a new base station 
has the link set up, notifies it by multiplexing it into output 
data. The base station identifier determination division 305 
determines the base station identifier of the base station to 
newly have the link set up in predetermined order, generates 
the signal notifying the information on the determined base 



station identifier, and notifies the applicable base station 
thereof by multiplexing it into output data. 

FIG. 4 is a block diagram showing a construction of the 
base station according to the first embodiment. As shown in 
FIG. 4, the base station is comprised of an antenna 401 for 
receiving the signals transmitted from the mobile station, a 
duplexer (DUP) 402, a radio receiving division (Rx) 403 for 
converting a radio signal into a receiving base band signal, 
a RAKE receiver 404 for synthesizing the base signals, a 
demultiplexer (DMUX) 405, a code word judgement division 406, 
a transmit power control division 407 for controlling the transmit 
power of the base station, a maximum base station number 
information extracting division 408, a multiplexer (MUX) 409, 
diffusion circuit 410 for diffusing the downlink signal and 
outputting a transmission base signal, and a radio transmission 
division (Tx) 411 for converting the transmission base signal 
into the radio signal and transmitting it. 

The maximum base station number information extracting 
division 408 extracts the information on the maximum base station 
number notified from the base station control unit , determines 
a set of the base station identifiers that may be used, and notifies 
the code word judgement division 406 of information on the 
determined set . In the case of FIG . 2 , the determined set includes 
the base station identifiers a, b and c. The code word judgement 
division 406 extracts from the demultiplexer 405 the code word 
transmitted from the mobile station, and determines the code 
word judgement candidates based on the information notified from 
the maximum base station number information extracting division 



408. Then the code word judgement division 406 judges the 
received code word based on the code word judgement candidates 
so as to judge whether or not its base station is the transmitting 
base station and send judgement results to the transmit power 
control division 407. The transmit power control division 407 
performs the transmission if its base station is the transmitting 
base station, and stops the transmission if it is the 
non-transmitting base station. 

Thus, according to the first embodiment of the present 
invention, the base station control unit notifies each base 
station of the maximum number of the base stations on which the 
mobile station may set up the links to allow each base station 
to limit the code word judgement candidates which are the code 
words that may be received. Accordingly, it is possible to 
increase the distance between codes among the code words to be 
the judgement candidates , consequently allowing the base station 
to reduce judgement errors of the code word. In addition, it 
reduces the probability that the transmitting base station judtes 
itself to be the non- transmitting base station and stops the 
transmission due to the judgement error so that the reception 
quality of the downlink can be improved. 

A second embodiment of the present invention will be 
described hereafter. The principle that forms the basis of the 
second embodiment is, in the base stations for having the links 
set up just as in the first embodiment, to reduce the judgement 
errors by limiting the judgement candidates used for judging 
the received code word, based on the information determined from 
the maximum number of the base stations on which the mobile station 
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may set up the links . As for the difference between the second 
embodiment and the first embodiment, in the first embodiment, 
each base station has in advance the information on the order 
of the base station identifiers that the base station control 
5 unit assigns to the base stations having the links set up, and 
if the base station control unit notifies each base station of 
the information on the maximum base station number, each base 
station determines the base station identifiers that may be used 
from the information on the order. On the other hand, in the 

1 0 second embodiment , the base station does not have the information 
on the order of assigning the base station identifiers . Instead , 
in the second embodiment , the base station control unit determines 
the set of the base station identifiers that may be used according 
to the maximum base station number, and notifies the base stations 

15 of the information on the base station identifiers that may be 
used. 

FIGS. 5 and 6 are block diagrams showing the configurations 
of the base station control unit and the base station according 
to the second embodiment respectively, and the portions 

20 corresponding to FIGS. 3 and 4 are numbered likewise and 

duplicative descriptions are omitted . In addition , the cellular 
system to which this embodiment is applied is the same as that 
in FIG. 1. As shown in FIG. 5, the base station control unit 
does not have the maximum base station number information 

25 generating division 304 that the unit shown in FIG. 3 has. Instead, 
it has a base station identifier set information generating 
division 504 that the unit in FIG. 3 does not have. 



The base station identifier set information generating 
division 504 determines the set of the base station identifiers 
that may be used according to the maximum number of the base 
stations on which the mobile station may set up the links, 
generates a signal for notifying that information, and notifies 
it by multiplexing it into the output data to the base stations 
to have the links newly set up. The operations of the other 
components in FIG. 5 are performed just as the operation of the 
base station control unit in FIG. 3. 

As shown in FIG . 6 , the base station does not have the maximum 
base station number information extracting division 408 that 
the base station shown in FIG. 4 has. Instead, it has a base 
station identifier set information extracting division 608 that 
the base station shown in FIG. 4 does not have. The base station 
identifier set information extracting division 608 extracts the 
information on the set of the base station identifiers notified 
from the base station control unit and sends it to the code word 
judgement division 406 . The operations of the other components 
in FIG. 6 are performed just as the operation of the base station 
in FIG. 4. 

Thus, according to the second embodiment of the present 
invention, the base station control unit determines the set of 
the base station identifiers that may be used according to the 
maximum number of the base stations on which the mobile station 
may set up the links , and notifies the base stations for having 
the links set up thereof. The base station can limit the code 
words judgement candidates which are the code words that may 
be received based on that information. Accordingly, it is 
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possible to increase the distance between the codes among the 
code words to be the judgement candidates so as to consequently 
reduce the judgement errors of the code word in the base station. 
Thus, it reduces the probability that the transmitting base 
5 station judges itself to be the non-transmitting base station 
and stops the transmission due to the judgement error so that 
the reception quality of the downlink can be improved. 

A third embodiment of the present invention will be described 
lT hereafter. FIG. 7 is a diagram showing the principle that forms 

J=j 10 the basis of the third embodiment. In the third embodiment, 
the base station control unit notifies the base stations having 
the links set up of the link set-up base station number that 
s_ is the number of the base stations currently having the links 

fy set up by the mobile station. In FIG. 7, the mobile station 

O 15 nas links set up with two base stations, where the base station 
fy control unit notifies the information on the link set-up base 

station number each time the number changes . The base station 
identifiers are assigned in predetermined order, and the base 
station control unit and the base stations have the information 
20 on this order. Accordingly, each base station having the link 
set up can determine the base station identifiers that is currently 
used if it is notified of the information on the link set-up 
base station number. In the case of FIG. 7, the link set-up 
base station number is two , and so each base station can determine 
25 that the two base station identifiers that are currently used 
are a and b, so that the code words that may be transmitted from 
the mobile station can be limited to the code words showing 
combinations of the base station identifiers a and b . Accordingly , 



each base station can limit the judgement candidates, of the 
fifteen code words defined in FIG. 7, to three code words (CW1, 
CW2, CW5) so as to consequently reduce the error rate of the 
judgement . 

In addition , as the example of the code word that the mobile 
station in FIG. 7 is transmitting is CW1, only the base station 
of the base station identifier a is transmitting the individual 
signal in this case, and the base station of the base station 
identifier b is stopping transmitting it. Moreover, for the 
mobile station in FIG. 7 to have the individual signal sent from 
the two base stations in the figure, the mobile station should 
transmit the CW5 (the base station identifiers a and b) . 

FIGS. 8 and 9 are block diagrams showing the configurations 
of the base station control unit and the base station according 
to the third embodiment respectively, and the portions 
corresponding to FIGS. 3 and 4 are numbered likewise and 
duplicative descriptions are omitted . In addition , the cellular 
system to which this embodiment is applied is the same as that 
in FIG. 1. 

As shown in FIG. 8, the base station control unit does not 
have the maximum base station number information generating 
division 304 that the unit shown in FIG. 3 has. Instead, it 
has a link set-up base station number information generating 
division 804 that the unit in FIG. 3 does not have. 

The link set-up base station number information generating 
division 804 generates a signal for notifying the information 
on the number of the base stations currently having the links 
set up by the mobile station each time the number changes and 
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notifies it by multiplexing it into the output data to each base 
station having the link set up. The operations of the other 
components in FIG. 8 are performed just as the operation of the 
base station control unit in FIG. 3. 
5 As shown in FIG . 9 , the base station does not have the maximum 

base station number information extracting division 408 that 
the base station shown in FIG. 4 has. Instead, it has a link 
set-up base station number information extracting division 908 
that the base station shown in FIG. 4 does not have. 

10 The link set-up base station number information extracting 

division 908 extracts the information on the link set-up base 
station number notified from the base station control unit . Each 
base station has in advance the information on the order of the 
base station identifiers that the base station control unit 

15 assigns to the base stations to have the links set up, and the 
link set-up base station number information extracting division 
908 determines the base station identifiers that is currently 
us ed based on such inf ormat ion and no t if ie s the code word j udgement 
division 406 thereof. The operations of the other components 

20 in FIG. 9 are performed just as the operation of the base station 
in FIG. 4. 

Thus, according to the third embodiment of the present 
invention, the base station control unit notifies each base 
station of the number of the base stations on which the mobile 
25 station is currently setting up the links to allow each base 
station to limit the code word judgement candidates that may 
be received. Accordingly, it is possible to increase the distance 
between the codes among the code words to be the judges candidates , 
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consequently allowing the base station to reduce the judgement 
errors of the code word. Thus, it reduces the probability that 
the transmitting base station judges itself to be the 
non- transmitting base station and stops the transmission due 
5 to the judgement error so that the reception quality of the 
downlink can be improved. 

A fourth embodiment of . the present invention will be 
described hereafter. The principle that forms the basis of the 
fourth embodiment is, in the base station for having the link 

1 0 set up just as in the third embodiment , to reduce the code judgement 
errors by limiting the judgement condidates based on the 
information on the base stations on which the mobile station 
is currently setting up the links . As for the difference between 
the fourth embodiment and the third embodiment, in the third 

15 embodiment, each base station has in advance the information 
on the order of the base station identifiers that the base station 
control unit assigns to the base stations having the links set 
up, and if the base station control unit notifies the base station 
of the information on the link set-up base station number, the 

20 base station determines the base station identifiers that are 
currently used based on the information on the order and the 
number. On the other hand, in the forth embodiment, each base 
station does not have the information on the order of the base 
station identifiers that the base station control unit assigns. 

25 Instead, in the fourth embodiment, the base station control unit 
notifies the base station of the information on a set of the 
currently used base station identifiers. The currently used 
base station identifiers are the base station identifieres 



assigned to the base stations currently having the links set 
up. 

FIGS. 10 and 11 are block diagrams showing configurations 
of the base station control unit and the base station according 
to the fourth embodiment respectively, and the portions 
corresponding to FIGS. 3 and 4 are numbered likewise and 
duplicative descriptions are omitted . In addition , the cellular 
system to which this embodiment is applied is the same as that 
in FIG. 1. As shown in FIG. 10, the base station control unit 
does not have the maximum base station number information 
generating division 304 that the unit shown in FIG . 3 has . Instead, 
it has a used base station identifier information generating 
division 1004 that the unit in FIG. 3 does not have. The used 
base station identifier information generating division 1004 
generates the information on the base station identifiers 
assigned to the base stations currently having the links set 
up, and notifies it by multiplexing it into the data outputted 
to each base station to have the link set up each time the link 
set-up base station number changes . The operations of the other 
components in FIG. 10 are performed just as the operation of 
the base station control unit in FIG. 3. 

As shown in FIG. 11, the base station does not have the 
maximum base station number information extracting division 408 
that the base station shown in FIG. 4 has. Instead, it has a 
used base station identifier information extracting division 
1108 that the base station in FIG. 4 does not have. The used 
base station identifier information extracting division 1108 
extracts the information on the currently used base station 
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identifiers notified from the base station control unit and sends 
it to the code word judgement division 406 . The operations of 
the other components in FIG . 1 1 are performed just as the operation 
of the base station in FIG. 4. 
5 Thus, according to the fourth embodiment of the present 

invention, the base station control unit notifies each base 
station to have the link set up of the information on the base 
station identifiers assigned to the base stations currently 
setting up the links . The base station can limit the code word 

10 judgement candidates that may be received based on that 
information. Accordingly, it is possible to increase the 
distance between the codes among the code words to be the judgement 
candidates so as to consequently reduce the judgement errors 
of the code word in the base station. Thus, it reduces the 

15 probability that the transmitting base station judges itself 
to be the non- transmitting base station and stops the transmission 
due to the judgement error so that the reception quality of the 
downlink can be improved. 

Af if th embodiment of the present invention will be described 

20 hereafter. FIG. 12 is a diagram showing a principle that forms 
the basis of the fifth embodiment. In the fifth embodiment, 
the base station control unit determines to duplicatively use 
the same base station identifier in the case where the mobile 
station sets up lines with the base stations of the predetermined 

25 base station number threshold or more. As shown in FIG. 12, 
while the predetermined base station number threshold is three, 
the mobile station has links set up with four base stations. 
Accordingly, when the fourth base station has the link set up. 



the base station control unit determines the base station 
identifier to be assigned to the fourth base station out of three 
base station identifiers already being used. At this time, if 
the mobile station specifies one of the base stations using the 
same base station identifier as the transmitting base station, 
both of them are specified as the transmitting base stations 
on the basis of the code word from the mobile station to perform 
the transmission. Accordingly, a diversity effect due to 
multiple transmission becomes more significant on simultaneous 
transmission by assigning to the forth base station the same 
base station identifier as that of the base station of as small 
a difference in the propagation loss as possible. 

Normally, as for handover between sectors, distance 
attenuation, shadowing or the like between the mobile station 
and each base station in the same cell is the same because the 
location of each base station is the same, and so it is thinkable 
that the difference in the propagation loss is small . Accordingly , 
in the case where the base station identifier is already assigned 
to the one base station in the cell and a duplicative base station 
identifier must be assigned to the other base station in the 
cell because the link set-up base station number is the base 
station number threshold or more, the base station identifier 
of the one base station is duplicatively assigned to the other 
base station. In the case where a duplicative base station 
identifier must be simply assigned, the same base station 
identifier as that of the base station of as small a difference 
in the propagation loss as possible should be assigned. Thus, 
it is possible to limit the base station identifiers to be used 
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to three in FIG. 12. Accordingly, it is also possible to reduce 
the number of the code words showing these combinations so as 
to consequently reduce the number of the code words to be the 
judgement candidates when judging the received code word at the 
5 base station. 

FIG. 13 is a block diagram showing the construction of the 
base station control unit according to the fifth embodiment. 
As shown in FIG. 13, the base station control unit is comprised 
of an input terminal 1301 for receiving the signal transmitted 

10 from the base station, a reception processing division 1302, 
a control division 1303 for performing various control on 
transmission and reception of the base station, a link set-up 
base station number count division 1304 , abase station identifier 
determination division 1305 for determining the base station 

15 identifier of the base station to have the link set up, a 

transmission processing division 1306 and an output terminal 
1307 for transmitting the signals to each base station. 

The link set-up base station number count division 1304 
counts the number of the base stations on which the mobile station 

20 has the links set up , and when the link set-up base station number 
changes , it notifies the base station identifier determination 
division 1305 thereof. While the base station identifier 
determination division 1305 determines the base station 
identifier of the base station to have the link set up and notifies 

25 the information on the determined base station identifier by 
multiplexing it into the data outputted to the base station, 
it determines the base station identifier of the base station 
out of the base station identifiers already being used in the 



case where the link set -up base station number is the predetermined 
base station number threshold or more. In this case, if the 
base station of the same cell as that of the base station of 
which identifier is to be newly determined has already the base 
station identifier assigned, that identifier is used, and if 
not, it uses the same base station identifier as that of the 
base station of as small a difference in the propagation loss 
as possible. However, duplicative assignment is evenly 
performed so that the number of the base stations duplicatively 
using the base station identifier becomes as small as possible, 
and reassignment is performed if there is the base station 
disconnecting the link. 

FIG . 14 is an operation flowchart on the method of determining 
the base station identifier in the case where the link set-up 
base station number has changed in the base station control unit 
according to the fifth embodiment. As shown in FIG. 14, in the 
case where there arises the base station to newly have the link 
set up (step 1401, YES) , the base station control unit increases 
the link set-up base station number counted on the link set-up 
base station number counter by one (step 1402), and compares 
the link set-up base station number to the predetermined base 
station number threshold (step 1403). 

In the case where the link set-up base station number is 
smaller than the base station number threshold (step 1403, NO) , 
the base station control unit assigns anew base station identifier 
(step 1404) , and in the case where the link set-up base station 
number is larger than the base station number threshold (step 
1403, YES) , the base station control unit duplicatively assigns 



- 28 - 



the base station identifier that is already used. At this time, 
if another base station that is in the same cell as the base 
station to newly have the link set up already has the base station 
identifier assigned (step 1405, YES), the base station control 
5 unit determines to use the same base station identifier as that 
of the base station in the same cell (step 1406), and in any 
other case (step 1405, NO) , the base station control unit 
determines to use the same base station identifier as that of 
the base station having the least number of the duplicatively 

10 used base stations and the smallest difference in the propagation 
loss (step 1407) . 

On the other hand, in the case where there arises the base 
station to disconnect the link (step 1401, NO) , the base station 
control unit decreases the link set-up base station number counted 

15 on the link set-up base station number counter by one ( step 1408 ) , 
and determines whether or not there is any duplicatively used 
base station identifier (step 1409). In the case where there 
is the duplicatively used base station identifier (step 1409, 
YES) , the base station control unit reassigns the base station 

20 identifiers so that there will be as few duplicatively used base 
stations as possible (step 1410). Each of the base station 
identifiers determined in the steps 1404, 1406, 1407 and 1410 
is notified by multiplexing it into output data to the base station 
to which it is assigned (step 1411). 

25 Thus, according to the fifth embodiment of the present 

invention, in the case where the link set-up base station number 
becomes the predetermined threshold or more, the base station 
identifier already being used is duplicatively used. It is thus 



possible to limit the base station identifiers to be used, and 
it is accordingly possible to limit the number of the code words 
that may be used so as to reduce the judgement errors of the 
received code word at each base station. 
5 In the case of duplicatively using the base station 

identifier, if one of the duplicatively used base stations is 
specified as the transmitting base station by the mobile station , 
all the duplicatively used base stations are specified as the 
transmitting base stations, so that it is thinkable that the 

10 base stat ions which are non- transmitting base stations in reality 
perform the transmission, resulting in increase in the 
interference. However, the number of the base stations to have 
the links set up simultaneously is usually two on three or so, 
and so it is possible , by setting the base station number threshold 

15 equal to or larger than that, to render the possibility of 

occurrence of such a state very low. Accordingly, a link capacity 
is hardly reduced by the increase in the interference so that 
the reception quality of the downlink can be improved by reducing 
the judgement errors of the received code word at each base 

20 station. 

As described above, in the present invention, the base 
station control unit notifies each base station of the information 
on the maximum number of the base stations on which the mobile 
station may set up the links or the information on the base stations 
25 on which the mobile station currently has the links set up. It 
is thus possible for each base station having the link set up 
to determine the codewords that may be used out of those associated 
with the combinations of the base station identifiers in advance . 



- 30 - 



Accordingly, when judging whether or not the base station itself 
is specified from the code word received on the uplink, it is 
possible to make a judgement by limiting the candidates only 
to the code words that may be used so as to have the effect of 
5 reducing the judgement errors of the received code word at the 
base station. 

In addition , in the case where the number of the base stations 
having the links set up with the mobile station is equal to or 
M= exceeding the predetermined base station number in the present 

Ft 10 invention, the same base station identifier is used by the 

f£ plurality of base stations. In particular, the probability is 

p 

J=4 high that the number of the base stations which are the subjects 

fe of the soft handover will be two or three while the probability 

is low that it will be more than that, and so it is possible, 
2f 15 by rendering the predetermined threshold four or more, to limit 

O the number of the base station identifiers to be used and limit 

Py 

the number of the code words that may be used without substantially 
causing the increase in the interference by the duplicative use . 
Accordingly, when judging whether or not the base station itself 
20 is specified as the transmitting base station, the number of 
the code words that are judgement candidates decreases so as 
to have the effect of reducing the judgement errors of the received 
code word. 

Thus, according to the present invention, it is possible 
25 to reduce the judgement errors at the base stations and perform 
precise base station specification when notifying the base 
station specified as the transmitting base station out of the 
base stations having the links set up by the mobile station. 



Accordingly, it is possible to obtain the effect of reducing 
the probability that the base station specified to perform the 
transmission makes the judgement errors and stops the 
transmission so as to improve the downlink reception quality. 



